The cereal cyst nematode, Heterodera avenae (Wollenweber, 1924) is one of the most important plant parasitic nematodes of cereals. It is an obligate sedentary endo parasite causing considerable crop losses in wheat, barley and oats worldwide. FMRFamide-like peptides (FLPs) play critical role as neurotransmitters or neuromodulators in the nervous system and proposed as one of the important targets for the plant parasitic nematode management. Therefore, for the first time we have cloned and characterized two neuropeptide genes (flp-12 and flp-16) from the cDNA library of feeding female of H. avenae. Sequence analysis of FLPs revealed that both the neuropeptides are closely related with the parasitic as well as free-living nematodes. The flp-12 contains putative 22 residue long signal peptide at N-terminal suggesting its association with extra-cellular functions, while flp-16 does not contain signal peptide. Besides this, we have found highly conserved motif KFEFIRF in flp-12 and RFGK motif in flp-16. These two flp genes could be interesting and potential targets for functional validation to explore their utility for designing management strategies.
Background:
The Cereal cyst nematode (CCN) is a composite group of 12 species that infects graminaceous cereals and grasses resulting in high crop losses and distributed worldwide [1] . Among them, the most economically important species is H. avenae (Wollenweber, 1924 ) that can resist harsh environmental conditions and spread through the means by which soil is disseminated [2, 3] . Although chemical nematicides are the most reliable means of controlling CCN; their use is consistently being discontinued due to their toxicity to humans and the environmental safety. Novel and specific targets are thus needed to develop new strategies against these CCNs [4] .
Neuromuscular system plays critical role in the location and penetration of host roots, secretory activities, migration, alimentation, and reproduction of plant parasitic nematodes (PPNs). Neuropeptide signaling system has been proposed to be the potential target for the management of plant parasitic nematodes [5] . FMRFamide-like peptides (FLPs) have shown to be widely expressed in the nervous system of the cyst-forming nematodes, H. glycines, Globodera pallida, and G. rostochiensis [6] . The largest families of neuropeptides in nematodes are the FLPs, which possess a C-terminal Arg-Phe-NH2 signature and play a central role in motor activities. 
Methodology:
Nematode collection and multiplication on wheat plants Cysts of CCN were collected from wheat roots growing in the fields of Indian Agricultural Research Institute, New Delhi, India. Genetic homogeneity of the population was characterized by sequencing and PCR -RFLP of ITS (Internal transcribed spacers) of rDNA (ribosomal DNA). Genetically homogenous populations were multiplied on wheat plants growing in pots under green house conditions and mature brown cysts were collected. Wheat plants were infected with juveniles and after 4 -8 weeks, feeding females protruding out of the wheat roots were collected, frozen and used for RNA extraction. The fresh PCR product was cloned into pGEM-T cloning vector (Promega, USA) using standard protocol. Freshly prepared competent cells of Escherichia coli DH5α were transformed with the recombinant plasmids. Positive clones were selected by using ampicillin, blue white colonies and colony PCR. Inserts were confirmed by restriction digestion with EcoRI. The positive clones were custom sequenced by ABI solid sequencing platform. 
Computational Sequence Analysis
The amino acid sequences were deduced from the corresponding nucleotide sequences by using ExPASy translates available at http://expasy.org/. In order to find the homology with the plant parasitic nematodes, we performed the protein BLAST for the protein sequence and nucleotide BLAST for the nucleotide sequences using default parameters (Figure 1) . Amplified flp genes were cloned into pGEM-T TA cloning vector and recombinant plasmids were confirmed by colony PCR using specific gene primers. Further the plasmids were prepared for the positive recombinants and inserts were confirmed by restriction digestion with EcoRI. The cloned genes were sequenced using ABI solid sequencing platform and sequences are given in (Figure 2a & 2b) . 
Characterization of the sequences

Phylogenetic analysis:
Extending this study, we carried out phylogenetic analysis among closely related species of H. avenae. We constructed the phylogenetic tree of both flp-12 and flp-16 gene with parasitic as well as free living nematodes. Phylogenetic tree grouped flp-12 of H. avenae with all PPNs. However very interestingly, it showed more closeness to the two root knot nematode species, M. incognita and M. minor than the cyst nematode species, G. pallida and H. glycines confirming the results of BLAST. However, Ascaris suum and C. brenneri formed two independent out groups suggesting their evolutionary distance (Figure 4a) . Phylogenetic analysis of flp-16 indicated that H. avenae and M. incognita were grouped together with high level of similarity. Additionally, it was also related to flp-14 of three free living nematodes (C. elegans, C. briggsei and C. brenneri) (Figure 4b) . Significantly, phylogenetic analysis is in excellent agreement with the MSA result confirming the similarity.
Conclusion:
Present results indicate that FMRFamide like peptides are important for both plant parasitic and free living nematodes since they are conserved across different genera in spite of evolutionary pressure for diversification. The observed results confirm the phylogenetic relationship of these two genes determined by MSA thus, enhancing the confidence. However, flp-12 is more conserved between the parasitic nematodes and diverged from free living nematodes indicating their possible role for parasitism. The application of RNAi to the identified neuronal genes in H. avenae could open the door to unraveling the underlying biology of these two flp genes in CCN. Work is in progress on functional validation of these two neuro peptides-encoding flp-12 and 16 genes of H. avenae by RNAi through soaking in double stranded RNA solution under invitro conditions.
